I. Composition analysis
Figures S1(a) and (b) show the X-ray diffraction (XRD) patterns and X-ray photoelectron spectra (XPS) of the CoO x film, respectively. The deconvolution of Co 2p electron region XPS profile is done with CasaXPS software. The background has been subtracted by the software automatically. As shown in Figure S1 (b), Co in the surface of our sample is composed of Co 2+ and Co 3+ with a roughly ratio of 4:1 (mole 2 ratio). 1 By considering the contribution of Co 3 O 4 for the Co 2+ , a proportion (mole ratio) temperatures.
II. Electrode area dependent resistance and conductivity maps on nanoscale
To explore the stability under different ambient conditions, we measured the electrical properties under various temperatures of 250K, 300K and 350K and the I-V curves have been shown in Fig. S5(a) . We can see that the currents are intensely increasing with temperature.
Moreover, the I-V curves in atmospheric pressure and 0.1 Pa of oxygen in Fig.   S5 (b) show that there are no obvious differences under various oxygen pressures. This result rules out the possibility of extensive redox.
Also, we repeated the measurement of I-V curves at 300K to verify the stability (Fig. S5(c) ). It can be seen that ten I-V curves overlap together, which shows a highly repeatability under the same condition.
To extend this model to other temperatures, we partially fitted the relationship of property allows multi-bit storage in a single memory unit.
